The anorthositic members of the Mealy Mountains Intrusive Suite (MMIS; Labrador, Canada) are host to 0Á5-5 m diameter pegmatitic, pod-like segregations, originally described as graphic granite pods. U-Pb zircon geochronology confirms that the pods are coeval with the 1650-1630 Ma emplacement age range for the MMIS, yielding ages of 1654 6 8 to 1628 6 3Á5 Ma. Petrographic and geochemical analysis of five pods from anorthositic rocks of the MMIS reveals that the pods have a diverse compositional range from monzodiorite to granite, varying from Fe-rich and Si-poor, to Fepoor and Si-rich compositions. Fe-rich, Si-poor pods in the MMIS and other massifs (e.g. Laramie Anorthosite Complex) tend to be hosted by olivine-bearing anorthosites, whereas Si-rich, Fe-poor pods are hosted by pyroxene-bearing anorthosites. Each pod shows a range of graphic, myrmekitic and symplectitic textures, along with distinctive mineral assemblages (e.g. apatite and zircon) and highly enriched trace-element compositions. Evolved mineral assemblages, high concentrations of Fe, Ti and P (and in some cases SiO 2 ), and 10-1000Â chondrite enrichment in light rare earth elements, U, Th and Rb indicate that many of the pods are highly fractionated. The array of textural intergrowths provides clues about the final stages of crystallization in the pods and, by extension, the anorthosites. Macroscopic quartz-K-feldspar graphic intergrowths indicate high-viscosity, fluid-bearing and significantly undercooled magmatic conditions, whereas microscopic myrmekitic (plagioclase-quartz) and symplectitic (plagioclase-orthopyroxene) intergrowths on primary grain boundaries indicate replacement of phases in the presence of reactive fluids. In assessing the nature of these pegmatitic pods based on field, petrographic and geochemical evidence, we conclude that they represent the fluid-bearing, late-stage crystallization products of a residual liquid in the massif anorthosite system. The Fe and Si compositional variations observed in these late-stage pods can be linked to a fundamental olivine-pyroxene dichotomy observed in most Proterozoic anorthosite massifs, suggesting that pulses of magma experience variable contamination (in amount and/or composition) leading to varying differentiation paths. A range of lithologies (monzonites, monzonorites, ferrodiorites and jotunites) observed in similar pod-like structures, as well as dykes and plutons, has been observed in other Proterozoic anorthosite massifs and all have, at one time or another, been interpreted as the residual liquids of anorthosite crystallization. Our observation of in situ pods with similar compositions to all of the aforementioned lithologies, and displaying textures indicative of late-stage crystallization, supports the notion that all of these associated lithologies can be interpreted as comagmatic with, but variably contaminated and isolated residual V C The Author 2015. Published by Oxford University Press. All rights reserved. For Permissions, please e-mail: journals.permissions@oup.com
INTRODUCTION
The Mealy Mountains Intrusive Suite (MMIS; 1650-1630 Ma, Fig. 1 ) is one of several classic Proterozoic anorthosite-bearing complexes in the Grenville Province of eastern North America (Emslie, 1976) , although it is unique in that it is the sole massiftype anorthositic suite of Labradorian age (1710-1600 Ma; Emslie et al., 1983; Emslie & Hunt, 1990) . Intrusive complexes like the MMIS, temporally restricted to the Proterozoic eon, are known as Proterozoic anorthosite massifs. The anorthositic rocks in these massifs consist predominantly of plagioclase (An 50 6 10 ) and minor mafic minerals such as orthopyroxene, olivine and clinopyroxene (Ashwal, 1993) . Associated with these plagioclase-rich intrusions are equally voluminous batholiths of monzonite and granite, smaller bodies of mafic cumulates and subsidiary amounts of a suite of Fe-Ti-P-rich (FTP) dioritic (Emslie & Hunt, 1990; Gower et al., 2008) . Bold sample numbers indicate the samples discussed in this paper; other sample labels refer to localities referenced by Bybee et al. (2014) . Geology based on mapping by Gower (2010a Gower ( , 2010b Gower & Erdmer, 2010; Gower & Nunn, 2010) .
ferrodiorite/jotunite-monzonorite and oxide-apatitegabbronorite (Morse, 1982; Dymek & Schiffries, 1987; Owens & Dymek, 1992) . When considered in conjunction with anorthositic rocks, the associated FTP rocks constitute the Proterozoic massif-type anorthosite suite (Ashwal, 1993) and, collectively, have long stimulated petrologists to enhance understanding of their tectonic setting, source, emplacement mechanisms and parental liquids.
The nature of the residual liquids of anorthosite crystallization (addressed here) is but one of the contentious issues concerning the Proterozoic anorthosite suite (Dymek & Owens, 2001) . A broad range of associated FTP rock types, such as diorite, ferrodiorite, monzonorite, monzonite, mangerite and oxide-apatite-rich gabbronorite have been considered to be residual liquids of Proterozoic anorthosite magmas (Ashwal, 1982; Morse, 1982; Duchesne, 1984; Owens & Dymek, 1992; McLelland et al., 1994; Mitchell et al., 1996; Vander Auwera et al., 1998; Dymek & Owens, 2001; Heinonen et al., 2010) . Conversely, these rock types have also been considered as representing the parental magmas of anorthosites (Demaiffe & Hertogen, 1981) , lower crustal partial melts (Emslie, 1978) , transitional differentiates between anorthosite and mangerite (de Waard & Romey, 1969) , fractionates or cumulates of mangeritic magma (Emslie, 1975) or immiscible liquids (Philpotts, 1981; Powell et al., 1982) .
The MMIS is host to puzzling pods and segregations termed graphic granite by Emslie (1976) . These 0Á5-5 m, irregular-shaped, pegmatitic pods were reported to contain central areas of red graphic granite surrounded by coarse pyroxene and oxide-rich material (Emslie, 1975;  his unpublished field notes). We address the mineralogy, geochemistry, age, and genesis of these pods and show that their compositions are highly variable, ranging from monzodiorite to granite. We propose that these pods are extremely fractionated compositions and all represent in situ residual liquids of Proterozoic massif-type anorthosites, providing insights into the final stages of crystallization and differentiation in the anorthosite system. Based on the range of pod-like, residual liquid segregations preserved in situ in the MMIS, we suggest that the rock types elsewhere purported to represent residual liquids in anorthosite (Fe-Ti-P-rich dioritic ferrodiorite/jotunite-monzonorite and oxide-apatite-gabbronorite) could all be residual liquids created by slight variations in magma composition and extreme isolated differentiation.
GEOLOGICAL SETTING
The Mealy Mountains Intrusive Suite (MMIS; Fig. 1 ) forms part of a thrust-bound block known as the Mealy Mountains Terrane in the Grenville Province of eastern Canada. It is the largest massif-type anorthosite in the northeastern Grenville Province (Emslie, 1976 ). The MMIS lies $100 km SE of the Grenville Front and was emplaced into relatively juvenile and immature, preLabradorian (1800-1770 Ma) and early Labradorian (1710-1655 Ma) ortho-and paragneisses that make up a significant portion of the NE sector of the Grenville Province (Emslie & Hegner, 1993; Gower et al., 2008) . The pre-Labradorian (1800-1710 Ma) crust was constructed during intrusion of granitoid magmas into earlier supracrustal assemblages, which were deposited between 1805 and 1770 Ma from immature, partly local sources (Gower & Krogh, 2002; Gower et al., 2008) . Early Labradorian crust, recognized in deformed and metamorphosed gneisses (e.g. nebulitic granodiorite; 1709 Ma) as well as strongly foliated calc-alkaline granitoids (1680-1650 Ma), formed in an outboard island arc above southward-subducting oceanic crust off the southern margin (present-day coordinates) of Laurentia (Gower & Krogh, 2002; Gower et al., 2008) . A wellconstrained period of deformation and metamorphism between 1665 and 1655 Ma probably marked the accretion of this region (Gower & Krogh, 2002 , 2003 . This mid-Labradorian period manifests itself as three distinct, but intimately linked, suites that culminated in the emplacement of the dominantly alkali-calcic granitoids of the Trans-Labrador batholith (1654-1646 Ma) and coeval supracrustal units (Kerr, 1989; Gower et al., 2008) . Trimodal anorthositic, mafic and monzogranitic magmatism (1650-1625 Ma), which includes the MMIS, followed (Kerr, 1989; Gower et al., 2008) . The largest anorthositic members of the MMIS are the leucotroctolite-dominant Kenemich massif and the leuconoritedominant Etaugalet massif (Fig. 1) . These massifs exist along with smaller bodies of anorthositic rocks and batholiths of more felsic rocks dominated by pyroxene-quartz monzonite, but including a complete spectrum ranging from monzonorite to granite (Ashwal et al., 1986; Gower, 2010a Gower, , 2010b Gower & Erdmer, 2010; Gower & Nunn, 2010) .
Previous geochronological studies have bracketed the age of anorthosite emplacement to 1650-1630 Ma (Gower et al., 2008) . Zircon and baddeleyite from a magnetite-apatite-rich pegmatitic patch in the Crooks Lake anorthosite 30 km south of the area shown in Fig. 1 indicates an emplacement age of 1632 6 3 Ma (Gower & Krogh, 2002; Gower et al., 2008) . In addition, five zircon dates from monzodiorite to granite associated with the MMIS produced ages between 1650 6 1 and 1635 6 2 Ma (Emslie & Hunt, 1990; James et al., 2000; Gower et al., 2008) .
MATERIAL AND METHODS
Pegmatitic pods and host anorthosites were sampled in 2009 based on site locations and descriptions recorded in R. F. Emslie's unpublished 1975 field notes (see Fig. 1 and Table 1) . Red-brown, pegmatitic, irregular to subrounded, pod-like segregations (0Á5-5 m across) are typically hosted by coarse-grained (up to 10 cm) leuconorite, and were originally recorded as pegmatoidal patches containing red graphic granite by Emslie (1976 ;  Fig. 2 ). Rare occurrences also include those hosted by olivine-bearing anorthosite. Five pods were sampled in total: four hosted by leuconorite and one hosted by olivine-bearing anorthosite. Only one chemically and mineralogically distinct pegmatitic pod was observed in an olivine-bearing anorthositic rock within the Etaugalet massif ( Fig. 1 and Table 1 ). Based on locations recorded in Emslie's 1975 field notes, most pods may be restricted to the leuconorite-dominant rocks of the Etaugalet massif (Fig. 1 )-an observation supported by our fieldwork in which we only found one pod hosted by an olivine-bearing anorthosite. After setting aside material for hand samples, stained slabs and thin sections, the remainder was coarsely crushed in a carbide steel jaw crusher and subsequently coned and quartered to leave a representative sample for milling. Cobaltinitrate staining was used during sample preparation to identify K-rich phases as extensive alteration of feldspars hindered identification. Samples were milled to a powder using a carbide steel swing mill in the School of Geosciences (University of the Witwatersrand). X-ray fluorescence (XRF) data were obtained on a Panalytical PW2404 spectrometer using procedures described by Wilson (2012) at the Earth Laboratory at the University of the Witwatersrand. Inductively coupled plasma mass spectrometry (ICP-MS) data, including rare earth elements (REE), were obtained on a Perkin-Elmer ELAN 6000 in the Department of Geosciences at the University of Cape Town using a method similar to that reported by le Roux et al. (2001) .
Electron microprobe analysis (EPMA) was performed at the University of Johannesburg using a Cameca SX100 instrument operating at 20 kV with a beam current of 10 nA. Na 2 O, MgO, Al 2 O 3 , SiO 2 , K 2 O, CaO, TiO 2 , Cr 2 O 3 , MnO and (total Fe as) FeO content was measured, analysing the cations on their Ka lines. The oxygen content was calculated by stoichiometry, assuming the oxidation states of the cations that are implied in the formulae of the oxide components. Na was calibrated on jadeite, Mg on olivine, Al on almandine, Si on diopside, K on orthoclase, Ca on wollastonite, Ti on TiO 2 , Cr on Cr 2 O 3 , Mn on rhodonite and Fe on hematite. The analyses were corrected for matrix effects with the X-PHI method in the Cameca Peak Sight software (version 4.0; Merlet, 1994) . In addition to using a moderate beam current (10 nA), Na, Si, K and Fe were measured during the first cycle of measurements and Mg, Al, Ca and Mn during the second, to limit the effect of possible beam damage on the analysis. Energy-dispersive spectrometry (EDS) raster analysis on feldspars was completed on the Cameca SXFive-FE instrument at the University of the Witwatersrand. Brucker EDS software was used for analysis and the instrument was operated at 15 kV and a beam current of 20 nA. Square raster areas were selected within unaltered grains that showed prominent exsolution features. Electron microprobe analyses proved crucial in unravelling the crystallization and replacement sequences shown by the feldspars and in characterizing the general mineral assemblage of the pods, and have therefore been presented alongside the pod petrography in the following section, along with a separate section dealing with feldspar alteration.
Sm and Nd isotopic compositions were determined at the Department of Terrestrial Magmatism of the Carnegie Institution of Washington using isotope dilution, cation-exchange chemical separation, and multicollector (MC)-ICP-MS and isotope dilution thermal ionization mass spectrometry (ID-TIMS), respectively. Methods similar to those described by Carlson et al. (2006) and Heinonen et al. (2010) Fig. 5 ). The red-stained feldspars have up to 0Á75 wt % FeO T and a composition of approximately An 1 , indicating that most of this pod has experienced hematization in addition to extreme albitization. Staining of sample CG09-016A confirms that K-feldspar is not a constituent of this pod. Altered clinopyroxene, together with Fe-Ti oxide, forms a minor proportion of the assemblage. Macroscopic symplectic intergrowths of apatite and magnetite-ilmenite are also observed (Fig. 2b) .
Pods CG09-018D and -026B display the most prominent graphic intergrowths of quartz and K-feldspar as well as a more diverse associated mineral assemblage (Figs 2d, 3a, b and 4b) . Pod CG09-018D displays large (2-3 cm), rounded crystals of albitized plagioclase, as well as large, euhedral $20 cm plagioclase megacrysts, surrounded by graphic intergrowths of quartz and albitized K-feldspar (Figs 2d and 3a) . Both plagioclase and orthoclase occur as primary phases in this sample, but K-feldspar is also observed as a replacement product of plagioclase, as discussed in the section below on feldspar replacement textures. Although this K-feldspar is extensively albitized, fresh domains show perthitic texture with oligoclase exsolution lamellae (An 17-19 ; Table  2 ). These $4 lm wide lamellae are fairly abundant, forming $20% of the perthite. Rastering of these fresh and discrete grains allows quantification of the perthite composition (Table 2, Fig. 5 ). Primary plagioclase (An $15-25 ; Fig. 5 ) is found as isolated remnants within the albitized orthoclase and is occasionally preserved adjacent to quartz. Altered orthopyroxene (alteration product unidentified) and large ($1 cm) crystals of adjoining magnetite and ilmenite are observed along with euhedral zircon crystals, commonly included within plagioclase, and minor euhedral apatite crystals (Fig.  4b) .
Pod CG09-026B shows well-developed graphic intergrowths between quartz and primary orthoclase (Fig.  3b) . It is similar to CG09-018D, but has less plagioclase (<10%), less zircon, and lacks apatite ( Table 1) . The fresh plagioclase has compositions of An 15-25 (Table 2 , Fig. 5 ). The accurate estimation of the modal proportions of plagioclase and orthoclase is rendered difficult by the pegmatitic nature of the samples, but staining indicates that plagioclase forms a very small proportion of the sample. Normative calculations using whole-rock geochemistry presented in the next section support the dominance of orthoclase and paucity of plagioclase feldspar in this sample. Quartz in both CG09-018D and CG09-026B is fresh and shows many fluid-inclusion trails.
In all three of the studied pods, abundant microscopic, myrmekitic intergrowths of quartz and plagioclase formed at the interfaces between the quartz and albitized orthoclase of the graphic intergrowths (Fig. 4c) . Plagioclase in these myrmekitic intergrowths has a broadly oligoclase-andesine composition (An 23-34 , Fig. 5 ). These myrmekitic intergrowths either form bulging, plumose structures or occur as thin films at the interface between macroscopic graphic intergrowths of potassic feldspar and quartz. In general, the myrmekitic intergrowths are very irregular and do not radiate from any particular point, but form at a high angle to the adjacent potassic feldspar and quartz. In areas where bulbous, plumose myrmekite develops, the structure radiates outwards from the graphic quartz intergrowths. On the boundaries between minerals involved in the graphic textures, where myrmekite is not developed, quartz of the graphic intergrowths is rimmed by oligoclase (19) (20) ; CG09-026B) that is successively surrounded by albitized K-feldspar.
A fourth pod, most reminiscent of the host anorthosites in the MMIS (CG09-027C), consists of accumulations of randomly oriented 15-36 cm long, fresh, cumulus plagioclase crystals with interstitial orthopyroxene and magnetite, in addition to pinkish, 2-3 cm interstitial patches of highly albitized material ( Fig. 2a ; Tables 1 and 2 ). The albitized material is surrounded by fresh plagioclase of An 45 composition and is situated adjacent to intercumulus diopside (Wo:En:Fs 44:30:26) and magnetite. Fresh plagioclase has An 45 compositions, at the low end of the range typical of Proterozoic anorthosites (An $45-65 ; Fig. 5 ). Microscopic symplectic intergrowths of plagioclase (An $46 ) and diopside (Wo:En:Fs 47:31:22) occur on the edges of larger clinopyroxene grains whereas myrmekitic (quartzplagioclase) intergrowths are observed on the boundaries of fresh plagioclase grains and the pinkish, highly altered, oligoclasic material. This pod is likely to represent a pegmatitic segregation within the anorthosite, affected by late-stage recrystallization, and will therefore not be discussed in any great detail hereafter.
Pod hosted in olivine-bearing anorthosite
A distinct, more mafic-mineral-rich pod (CG09-033B; 39Á6% SiO 2 , 24Á1% FeO, 7Á6% MgO), found within an olivine-bearing leucogabbroic lithology of the Etaugalet massif, shows macroscopic intergrowths of apatite and magnetite-ilmenite together with large crystals of inverted pigeonite, perthite and minor plagioclase (Figs 2e, f, 3c, d and 6a; Tables 1 and 2 ). Perthite displays the characteristic red-stained colour common to the other pods. Perthite observed under the microscope shows no albitization or hematization. In contrast to the perthitic feldspars in the pods hosted by leuconorite (CG09-018D, 026B), the exsolution lamellae are significantly more calcic (An 50 ), but equally abundant ( Table  2) . The large pyroxenes have a red-bronze weathered colour, but are generally unaltered (Fig. 2f) . Inverted pigeonite shows extensive, blebby and regular exsolution lamellae (Fig. 6b and c) . Perthite grains are commonly surrounded by plagioclase-orthopyroxene symplectites, which are in turn in contact with inverted pigeonite and apatite grains ( Fig. 6b and c) . Plagioclase in these symplectic relationships is labradoritic (An $49 ), 0Á07 18Á11 0Á08 0Á01  0Á01 0Á24 1Á82 13Á73 0Á00  98Á72 1Á19 16Á45 82Á36 5Á20  18D exsolution lam  2 63Á23 0Á01 20Á90 0Á05 0Á01  0Á01 3Á29 7Á81 3Á36 0Á00  98Á65 15Á38 66Á03 18Á59 18Á87  026B  5 65Á37 0Á01 17Á90 0Á08 0Á00  0Á02 0Á22 2Á49 12Á74 0Á00  98Á84 1Á14 22Á76 76Á10 4Á06  033B 3 64Á42 0Á04 18Á58 0Á04 0Á00 0Á00 0Á58 1Á84 13Á83 0Á00 99Á34 2Á82 16Á33 80Á85 12Á37 033B exsolution lam 2 57Á05 0Á00 25Á71 0Á38 0Á00 0Á20 9Á24 4Á97 2Á46 0Á00 100Á01 43Á66 42Á53 13Á81 50Á66
Fresh plagioclase 018D 3 65Á19 0Á02 20Á60 0Á03 0Á00 0Á00 4Á21 8Á33 0Á17 0Á00 98Á56 21Á49 77Á48 1Á02 21Á72 026B 6 63Á31 0Á00 22Á00 0Á03 0Á01 0Á00 4Á06 9Á35 0Á29 0Á01 99Á06 19Á04 79Á32 1Á64 19Á36 027C 1 56Á25 0Á00 26Á16 0Á10 0Á00 0Á00 9Á41 6Á35 0Á26 0Á02 98Á55 0Á32 99Á46 0Á21 0Á32
Albitized plagioclase 016A 4 68Á50 0Á01 18Á88 0Á35 0Á01 0Á02 0Á07 11Á53 0Á04 0Á00 99Á39 0Á32 99Á46 0Á21 0Á32 018D 5 68Á08 0Á02 19Á10 0Á08 0Á00 0Á00 0Á30 11Á44 0Á07 0Á00 99Á10 1Á44 98Á19 0Á37 1Á45 027C 1 67Á48 0Á00 19Á16 0Á01 0Á01 0Á00 0Á44 11Á49 0Á02 0Á00 98Á61 2Á07 97Á82 0Á11 2Á07
Discrete feldspars (rastered SEM grain analysis)
Plagioclase-pyroxene symplectites
Values shown are averages of n point analyses.
Journal of Petrology, 2015, Vol. 56, No. 5 whereas the intergrown pyroxene is an intermediate orthopyroxene (Wo:En:Fs 1Á4:52-54:44-46). No olivine or quartz was observed in any of the samples taken from this pod. Although only one pod was observed in the olivine-bearing rocks of the MMIS, we utilize information from over a dozen similar pods (and dykes), hosted or associated with olivine-bearing anorthositic rocks, from the Laramie Anorthosite Complex, in our discussion.
Replacement features of the pods
The alteration or replacement of feldspars in several of the documented pods is extensive and in many places obscures the primary minerals and textures. Pods CG09-018D and -026B ( Fig. 3a and b) show extensive yellow staining upon laboratory treatment with cobaltinitrate, indicating the presence of K-feldspar. Microscopically, the phases that show yellow staining are variably altered to a cloudy, brown material, whereas the fresh areas have optical properties suggesting they are untwinned feldspar crystals. Electron microprobe analyses of both the fresh and altered domains reveal that this material is typically K-feldspar (orthoclase) with microscopic blebby exsolution of an oligoclasic plagioclase ; lamellae are no more than 3 lm wide; Table 2 ). In several areas of CG09-018D and -026B, K-feldspar also replaces adjacent oligoclasic plagioclase (An 18-26 , Fig. 7a-c) . In these cases, the replacive K-feldspar tends to have higher orthoclase contents (Or 90 ) than the primary K-feldspar, although a range of Or contents is observed in each pod. Isolated plagioclase, surrounded by fresh and albitized potassic feldspar remnants, is observed in both CG09-018D and -026B, which supports the notion that replacement of plagioclase by K-feldspar has occurred. Potassic replacement of plagioclase has been observed only in the two most chemically and mineralogically evolved pods. Alteration of this perthitic feldspar produces pure albite (An 0-4 ) that appears cloudy and brown under the microscope ( Fig. 7a and c) . Extensive albitization and hematization (producing the red-brown staining) of plagioclase feldspar is observed in pods CG09-027C, -016A and -033B, and, although albitization of K-feldspar is common in CG09-018D and -026B, no hematization is observed in these pods. Although the replacement of primary plagioclase by K-feldspar is observed in both CG09-018D and -026B, examples of (Table 2 ; Abbott, 1978; Cox et al., 1979; Stewart & Roseboom, 1962) . Tie-lines join host orthoclase compositions and plagioclase exsolution lamellae observed in several pods. These exsolution lamellae are less than 4 lm wide and are abundant in the feldspar with an estimated ratio of 70:30 for host and lamellae, respectively (Fig. 7d) . Care was taken in ensuring that the orthoclase analyses were free of exsolution lamellae except for one point (black diamond falling on solvus). Blue symbols represent sample CG09-026B; red symbols represent CG09-018D; green symbol represents CG09-027C.
primary K-feldspar are also common in these pods and subsequent alteration makes the discrimination and quantification of the amount of primary versus secondary K-feldspar challenging.
U-Pb GEOCHRONOLOGY
The coarse-grained and evolved nature of the pegmatitic pods suggests that these compositions had the potential to have crystallized either zircon or baddeleyite as accessory phases, as has been demonstrated elsewhere in the MMIS (Gower et al., 2008) and in other anorthosite-mangerite-charnockite-granite (AMCG) suites (Emslie et al., 1994; Hamilton et al., 1994; Hamilton, 2008) . Indeed, macroscopic crystals of acicular zircon were easily recovered from two of the graphic pods developed within leuconorite (CG09-018D, -026B). Zircon was separated from a third leuconorite-hosted pegmatitic pod (CG09-016A), as well as from the pod enclosed in olivine-bearing anorthosite (CG09-033B; Fig.  1 ). Zircon from samples CG09-016A, -026B and -033B is present as irregular, colourless or pale yellow-brown, clear to slightly clouded, typically large but broken or cracked grains or shards. Despite strong chemical abrasion pre-treatment, analysed single or two-grain fractions from these samples tend to be relatively discordant (c. 1-5%; Fig. 8a-c; Supplementary Data tables) . Clouded zircons typically show more elevated levels of total common Pb and probably retain radiation-damaged and altered domains. Uranium in zircon from graphic pod CG09-026B is notably elevated (up to 2000 ppm), in concert with the higher overall abundances of incompatible elements in the bulk analysis of this pod-particularly for U, Th, Rb and REE (see 'Pod geochemistry' section below). Notwithstanding the dispersion of Pb/U isotopic ratios, the data describe well-fitted collinear trends controlled by Pb-loss effects during pre-or early Grenvillian metamorphism, and yield upper intercept ages of 1654 6 8 Ma (CG09-016A), 1647 6 6 Ma (CG09-026B), and 1638 6 6 Ma (CG09-033B; Fig. 8a-c) .
Zircons recovered from the leuconorite-hosted graphic pod CG09-018D and from the host leuconorite CG09-021 are of distinctly better quality than in the other pods. Most crystals are colourless to pale yellow and generally clear. In sample CG09-018D, they are especially well-formed, prismatic and euhedral. Analysed single zircon grains from sample CG09-018D are mostly near-concordant, and four points regress to yield an upper intercept age of 1632Á8 6 1Á8 Ma ( Fig. 8d ; Supplementary Data tables), with little to no evidence of Proterozoic Pb loss. Results for five zircon fractions from sample CG09-021 are all collinear, suggesting an igneous crystallization age of 1628Á0 6 3Á5 Ma; a lower intercept age of 1119 6 39 Ma suggests modest Pb-loss effects during pre-or early Grenvillian reheating (Fig. 8e) .
The U-Pb crystallization ages reported here for the pegmatitic pods and for the leuconorite are in good agreement with previously published ages (c. 1650-1630 Ma) for MMIS anorthosite, monzodiorite, monzonite and granite (Emslie & Hunt, 1990; James et al., 2000; Gower et al., 2008) . The previous anorthosite date (1632 6 3 Ma) was determined from analyses of zircon and baddeleyite from a pegmatitic patch enclosed within the Crooks Lake anorthosite (Gower et al., 2008) . The new U-Pb data presented here confirm, and may slightly expand, the previously determined 1650-1630 Ma range of MMIS magmatism, and demonstrate that the time span of anorthositic plutonism is coeval with that of monzogranitic intrusive activity, a characteristic typical of other AMCG complexes (Emslie et al., 1994; Hamilton et al., 1993) .
POD GEOCHEMISTRY
As the petrographic study implies, the pods hosted by orthopyroxene-versus olivine-bearing anorthosite have different geochemical compositions (Table 3 ). The pods hosted by leuconorite have SiO 2 contents ranging between $57 and 75 wt %, high Al 2 O 3 contents ($11-27 wt %) and very low MgO concentrations (<2 wt %). FeO and TiO 2 are generally low although one pod that has significant amounts of magnetite-ilmenite shows elevated FeO (13Á04 wt %) and TiO 2 (3Á33 wt %). In contrast, the only sampled and observed pod in an olivine-bearing anorthosite is significantly more mafic (SiO 2 ¼ 39Á55 wt %, MgO ¼ 7Á63 wt %, FeO ¼ 24Á08 wt %, TiO 2 ¼ 6Á05 wt %). The significant proportion of magnetite-ilmenite and apatite in this pod is evident in the elevated FeO, TiO 2 and P 2 O 5 (1Á28 wt %) concentrations. Based on the normative mineral assemblages, the pods classify as monzodiorite to granite (Table 3 ; Streckeisen, 1976) . Fig. 8 . U-Pb concordia diagrams for zircon from four pegmatitic pods and one leuconorite from the MMIS (data presented in Supplementary Data tables). The ages produced agree well with previous geochronological determinations from the MMIS (Gower et al. 2008) and illustrate that the pegmatitic pods are coeval with the host anorthosites-additional evidence showing that these pods are comagmatic, residual liquids of anorthosite crystallization. A progressive enrichment in REE concentration is evident amongst the pods ( Fig. 9 ; Table 3 ). The pods hosted by pyroxene-bearing rocks that most closely resemble the anorthositic hosts (CG09-027C, -016A) show only minor REE enrichment relative to the host anorthosites and similar positive Eu anomalies (Eu/Eu* ¼ 4Á75 vs 4Á81 average for leuconorite hosts). Pods CG09-026B and -018D are characterized by large prominent negative Eu anomalies (Eu/Eu* ¼ 0Á12-0Á53) and REE enrichment, particularly light REE (LREE) (up to$1000 Â chondrite), relative to the host leuconorite. [La/Sm] N averages 5Á56 in the pyroxene anorthosite hosted pods, but is noticeably different in the pod hosted by an olivine-bearing rock type, with a value of 1Á67.
The pods have e Nd (1640 Ma) between þ2Á2 and þ2Á5 ( Fig. 10; Table 3 ). The higher e Nd values of this range overlap with the compositions of the host leuconorite. A noticeable trend in the isotopic composition of the anorthositic lithologies is observed, however. True anorthosites (>90% plagioclase) display the most juvenile Nd isotopic compositions (e Nd ¼ þ3Á11 to þ3Á62), whereas olivine-bearing and orthopyroxene-bearing anorthositic rocks are progressively more evolved. In contrast, hornblende-biotite granite from the MMIS has a Nd isotopic composition unlike that of the anorthositic rocks and their pegmatitic pods, having near-chondritic initial e Nd values between þ0Á3 and -0Á5 (Hegner et al., 2010) . (Table 3) . A spectrum of REE enrichment is observed in the pods from very similar to the host anorthosite to 1000Â chondrite enrichment along with negative Eu anomalies in the most evolved pods. REE patterns marked with squares represent various stages of a fractional crystallization model (performed using FC modeller; Ersoy & Halvaci, 2010) to illustrate that extreme crystallization of a possible parent magma to anorthosites can produce the observed concentrations of the most enriched MMIS pegmatitic pods after $96% crystallization (see Discussion). F, percentage of liquid remaining.
DISCUSSION
U-Pb zircon ages (Fig. 8) show that the pods are coeval with the host anorthosites (and are not later intrusive rocks or conduits), providing the first line of argumentation supporting a comagmatic, residual origin for these pods. Extreme incompatible element enrichment in several of the pods, and the presence of zircon and apatite, suggests that they crystallized from highly fractionated liquids. Our fractional crystallization modelling (using Ersoy & Halvaci, 2010 ) of a reported parental magma of Proterozoic anorthosites (JCD79-14SG; Charlier et al., 2010) indicates that c. 96% crystallization, in a magma fractionating 70% plagioclase and 30% pyroxenes (ortho-and clinopyroxene in equal proportions), would be required to produce the REE concentrations observed in the most enriched pods (Fig. 9) . Eu anomalies of the modelled residual liquid and the pods are comparable. REE slopes differ between the model and pods, perhaps owing to incorrect assumptions regarding the parental liquid of anorthosite or to uncertainties in partition coefficients. We model the fractionation of the residual liquids in these pods as a closed system because it is likely that by the stage the pods had developed in a near-solid anorthosite, very little contamination would affect the pods and the system would be closed to infiltration. We therefore interpret the irregular, isolated pods observed in the MMIS to represent crystallization of pockets of residual liquids trapped in a near solid-state anorthositic pluton. The following discussion interrogates the significance of several late-stage textures and the petrogenetic significance of these in situ residual liquids for understanding Proterozoic anorthosite formation.
Graphic intergrowths
Graphic intergrowths of quartz with potassic feldspar (CG09-026B and -018D) as well as albitized and hematized plagioclase (CG09-016 A) provide important clues to the processes involved in the crystallization of these pods. These regular intergrowths are indicative of simultaneous crystallization of the two phases, controlled by contrasting, but slow rates of diffusion (particularly of Al and Si) and growth in a melt adjacent to the developing intergrowth (Vernon, 2004) . Significant undercooling (by as much as 150 C relative to the liquidus temperature in the granitic system) is thought to be the primary factor controlling the development of graphic textures (Fenn, 1986; London & Morgan, 2012) . In addition, the magmas need to have sufficiently high viscosity and need to only be flux-bearing (not necessarily flux-rich) to produce such intergrowths (Fenn, 1986; London & Morgan, 2012) . One can envisage these conditions and processes being present in late-stage residual products of anorthosite crystallization and therefore likely to be the operative process producing the graphic textures. Further support for the operation of undercooling is observed in the inherent pegmatitic nature of these pods-the formation of pegmatitic textures is intimately linked to undercooling within the medium (London, 2008) .
The Si-rich pods (CG09-026B and -018D) contain quartz intergrown with K-feldspar. Minor primary plagioclase within these rocks commonly displays reaction relationships with K-feldspar. Plagioclase has been previously reported as a nucleus on which orthoclase grows in graphic intergrowths (Hughes, 1972) and this is the likely scenario in the pods, given the relatively low proportion of plagioclase. In pod CG09-016A, graphic intergrowths of quartz and plagioclase are observed, whereas CG09-033B contains macroscopic symplectic intergrowths of apatite and magnetite.
The similarity of macroscopic, pegmatitic and microscopic intergrowths and textures in all of these pods points to the operation of similar kinetic processes in the pods, but significantly different chemistries of the trapped residual liquids produced the variation in mineral assemblages involved in the intergrowths. We interpret the textures, commonly ascribed to simultaneous, eutectic crystallization, as evidence that the pods represent the final crystallization products of anorthositic magmas, trapped by virtue of the nearsolid anorthositic rocks surrounding the pockets.
Potassic replacement of plagioclase
Low-temperature fluid alteration of plagioclase to K-feldspar has been reported in several igneous settings (Larsson et al., 2002; Morad et al., 2010) , but the replacement of plagioclase by K-feldspar can also be related to a high-temperature, peritectic reaction relationship between plagioclase and a potassium-rich fluid (Abbott, 1978; Cox et al., 1979) . Low-temperature metasomatic alteration of plagioclase to K-feldspar occurs at temperatures below 350
C and consequently these phases should not show exsolution. The observation of perthitic textures in the potassic feldspar that replaces plagioclase (CG09-018D, -026B) indicates that this K-feldspar is a high-temperature phase. Furthermore, one would expect potassic alteration owing to lowtemperature fluid circulation to permeate all the latestage pods, like the pervasive albitization, and to cause alteration of the plagioclase therein. Potassic replacement of plagioclase is observed only in the most silicic and evolved pods, suggesting that high-temperature, magmatic processes specific to the pods created replacive textures rather than low-temperature metasomatic processes. In addition, restriction of these unique alteration-replacement processes to the pods and not the host anorthosites indicates that these processes are not related to pervasive, low-temperature fluid circulation throughout the anorthosite intrusion, but must be related to the unique chemistry of, and physical processes operating in, the pods. Experimental phase relations in the Or-An-Ab-H 2 O system demonstrate that under conditions of 2 kbar water pressure, crystallization of plagioclase and K-feldspar, both evolving to more sodic compositions, will eventually drive the liquid off the cotectic and into the stability field of K-feldspar solid solution (Abbott, 1978; Cox et al., 1979) . This results in a peritectic reaction between plagioclase feldspar and a K-rich liquid, producing K-feldspar and Na-Ca-rich fluids. The pods showing potassic replacement of plagioclase have extremely evolved primary plagioclase compositions (An 15-25 ; Fig. 5 ), as expected for geochemically and mineralogically evolved pods. Using the estimated proportions of lamellae and host obtained through feldspar raster analysis, the bulk K-feldspar would have a composition close to the ternary cotectic (Figs 5 and 11) . With continued crystallization, the K-feldspar composition would reach and cross the cotectic ( Fig. 11 ; Alk1 to Alk2). Fig. 11 . Development of peritectic phase equilibria owing to extreme differentiation in pod-like structures in the An-Ab-Or-H 2 O system at 2 kbar water pressure (Cox et al., 1979) . With continued differentiation, alkali feldspar compositions move across the cotectic from point Alk1 to Alk2, and force the evolving liquid off the cotectic, causing instability of plagioclase (Pl2) and reaction with the Krich liquid to form K-feldspar. Alk1, Alk2, Pl1, Pl2 and L1, L2 represent hypothetical alkali feldspar, plagioclase and liquid compositions to illustrate the peritectic reaction observed.
Together with primary oligoclase crystallization, the liquid would be driven off the cotectic, into the field of plagioclase instability, causing a peritectic reaction between K-rich fluid and primary plagioclase (Morse, 1969) . The compositions we observe in these pods support the notion that magmatic plagioclase replacement is likely to occur, especially given extreme differentiation.
Where the perthitic feldspar is not albitized, a fresh appearance and the presence of exsolution lamellae indicate that it could also be a primary magmatic phase in addition to a magmatic replacement product. In fact, the peritectic phase equilibria described above require that primary K-feldspar crystallized, driving the potassic feldspar composition over the cotectic composition. Discerning and estimating the abundance of primary versus replacive magmatic K-feldspar is challenging and makes classification of the pods difficult. Assuming the K-feldspar replacement and later albitization processes are isochemical, closed-system processes as suggested by the restriction of replacement effects in the pods, the bulk-rock chemical analyses should provide reasonable estimates of the true chemistry of the pods.
In pods where significant felsic, graphic intergrowths are noted (CG09-018D, -026B), the aforementioned arguments suggest that replacement of plagioclase by K-feldspar is a prominent process. This unusual texture was then overprinted by albitization of plagioclase, although several areas remain where both the plagioclase and orthoclase are fresh. The fact that this potassic replacement is observed only in pods that have the most evolved compositions (not in CG09-016A, -027C or the host anorthosite) indicates that the replacive process is associated with unique conditions developed in these pods.
Albitization of the feldspars is generally indicative of a high-temperature hydrothermal alteration process operating only in the pods, as albitization does not extend into the host anorthosites (Lee & Parsons, 1997; Putnis, 2009 ).
Myrmekitic intergrowths
Although myrmekites are strictly defined as worm-like intergrowths of sodic plagioclase and quartz in contact with potassic feldspar (Phillips, 1974) , myrmekite-like intergrowths of calcic plagioclase ) and quartz on interfaces of cumulus plagioclase have been noted in anorthosites from the St-Urbain massif, Quebec (Dymek & Schiffries, 1987) . The calcic myrmekitic intergrowths identified by Dymek & Schiffries (1987) were ascribed to corrosive reaction between a magmatically derived, high-temperature aqueous fluid and cumulate plagioclase crystals, a process referred to as steam corrosion (Ashwal, 1993) . However, the calcic nature of the plagioclase component in the St-Urbain massif distinguishes these symplectites from those observed in the MMIS pods, implying that a different physical process was operative.
The predominant myrmekitic intergrowths observed in the present study consist of sodic plagioclase (17) (18) (19) (20) (21) (22) (23) (24) (25) ) and quartz, which form at the boundaries between graphic intergrowths of K-feldspar and quartz. These 100-400 lm wide films of myrmekite therefore represent true myrmekite as defined by Phillips (1974) . Various hypotheses relating to the origin of myrmekite have been proposed, ranging from simultaneous crystallization of plagioclase and quartz, products of various replacement reactions, and hypotheses based on exsolution, such as the exsolution vacancy and exsolution silica-pump models (Phillips, 1974 ; see review by Castle & Lindsley, 1993) . The most consistent and convincing arguments for the development of myrmekitic intergrowths are described in models dealing with exsolution of ternary feldspars. During exsolution of feldspar, excess silica generated by either a hypothetical, highsilica Schwanke molecule (CaAl 2 Si 6 O 16 ) or pumping of silica from a reservoir into the exsolving plagioclase, grows simultaneously with an exsolving feldspar, forming the myrmekitic texture [Qz-saturated liquid ¼ (Pl þ Qz) þ Or(ss)]. In both of these exsolution scenarios, plagioclase feldspar components and quartz diffuse away from the exsolving K-feldspar and crystallize simultaneously on the edges of the K-feldspar grains to form the observed myrmekite. Our observation of myrmekitic textures at the interface between perthite and quartz intergrowths provides the necessary silica-reservoir and supports the notion that these myrmekites formed by diffusion of the necessary components from perthite. Although these noteworthy myrmekites do not directly support a residual liquid origin for the pods, the relationship to evolved and exsolved ternary feldspars indicates that the pods were late-stage features.
Microscopic orthopyroxene-plagioclase symplectite found between K-feldspar and inverted pigeonite grains in the Fe-rich, Si-poor pod (CG09-033) hosted by olivine-bearing anorthosite shows strong resemblance to late-stage replacive 'fish-hook' symplectite described by Holness et al. (2011) in the Skaergaard Intrusion. The formation of replacive symplectite in the Skaergaard intrusion is related to primocryst reaction with hydrous melt during the late stages of solidification of the intrusion (Holness et al., 2011) . Similar processes have operated in these pods as reactive, late-stage fluids alter grain boundary zones. Although no hydrous minerals are observed in these pods, fluid inclusions in quartz and extensive feldspar alteration in the MMIS pods, as well as hydrous minerals (e.g. biotite) observed in pods from other anorthositic massifs, support the presence of high-temperature, reactive fluids.
Insights into the olivine-pyroxene dichotomy and differentiation in Proterozoic anorthosites
In the preceding discussion we show that the pegmatitic pods preserved in the MMIS represent the highly fractionated, late-stage, fluid-bearing products of undercooled, residual liquid crystallization in the anorthosite system. Notable differences in the mineralogy of the MMIS pods (e.g. CG09-033B vs CG09-026B; Table 1 ) suggest geochemical diversity in the composition of these residual liquids. Variation diagrams, shown in Fig. 12 , illustrate these compositional differences compared with a global database of residual liquids from Proterozoic anorthosites (various shaded and hatched fields). Data from pods and dykes hosted by or associated with olivine-bearing anorthositic rocks from the Laramie Anorthosite Complex are used (coloured squares) to increase the number of (Wiebe, 1984; Duchesne et al., 1989; Kolker et al., 1990; Owens & Dymek, 1992; Mitchell et al., 1996; Dymek & Owens, 2001 ). These comparisons illustrate how compositional differences in host anorthosite influence the composition of the residual liquid pods. Isolated fractionation and contamination of these residual liquids produce compositions that correspond to compositional trends created by many other proposed residual liquids. We therefore suggest that these proposed residual liquids are, in fact, all residual liquids formed from evolving magmas of slightly different compositions. Pods or dykes hosted by or associated with olivine-bearing anorthositic rocks from the Laramie Anorthosite Complex are included to add to the database of residual liquids from these lithologies.
residual liquid samples, and confirm the trends associated with olivine-bearing rocks. The global dataset of residual liquid compositions, the Laramie samples and the MMIS pod compositions all show diverging Fe-and Si-enrichment trends. In the case of the MMIS (and Laramie), the Fe-enrichment trends are restricted to those pods hosted by olivine-bearing anorthosite, whereas pyroxene-bearing anorthosites tend to host Sienriched pods. The genesis as late-stage segregations plays a major role in developing the textures and mineral phases displayed by the pods; however, the clear compositional difference between pods hosted by pyroxene-vs olivine-bearing anorthosites in the MMIS requires explanation. What does the composition of these pods reveal about differentiation processes and evolution in the Proterozoic anorthosite system?
A fundamental dichotomy between olivine-and pyroxene-bearing anorthosites is well known from Proterozoic anorthosites globally (Xue & Morse, 1993; Morse, 2006; Gleißner et al., 2011) . Perhaps most well known is the mineral diversity across the olivine line in the Nain Plutonic Suite; to the west of this divide anorthosites are predominantly noritic, whereas intrusions to the east are troctolitic. This olivine-pyroxene dichotomy extends beyond mineral compositions and is reflected in geochemical (trace element, oxygen fugacity, silica activity) and isotopic differences between olivine-and pyroxene-bearing anorthosites (leucotroctolites and leuconorites) in several well-studied anorthositic massifs (e.g. Laramie, Ahvenisto, Kunene and Nain Complexes; Emslie et al., 1994; Morse, 2006; Frost et al., 2010; Heinonen et al., 2010; Gleißner et al., 2011) . In these cases, leucotroctolite and anorthosite (sensu stricto) tend to display the most primitive isotopic signatures and have low inferred oxygen fugacity and silica activity, whereas pyroxene-bearing anorthosites are isotopically enriched and have higher oxygen fugacity. Similar mineral dichotomy (Kenemich vs Etagaulet massifs) and differences in isotopic composition are observed in the MMIS (Fig. 10) . Coupled changes in silica and oxygen fugacity, linked with variable isotopic compositions and the underlying mineral composition of the anorthosites (olivine vs pyroxene anorthosite), have been ascribed in all cases to variable degrees of contamination or the nature of the contaminant Morse, 2006; Frost et al., 2010; Heinonen et al., 2010; Gleißner et al., 2011) . In these models, enhanced crustal contamination induces increased silication and oxidation of the magmas (Morse, 2006; Frost et al., 2010) . In many of these cases, the isotopically enriched, higher silica activity and oxygen fugacity, pyroxene-bearing anorthosites are older than the olivine-bearing, more radiogenic, anorthositic rocks (Nain, Laramie and Kunene Complexes; Morse, 2006; Gleißner et al., 2011) . However, further geochronological investigations are needed to elucidate this relationship in the MMIS.
The character of the residual liquids of Proterozoic anorthosites, in a similar sense to the compositional differences in olivine-vs pyroxene-bearing anorthosites, also appears to diverge, along Si-and Fe-enrichment trends, depending on the composition of the magma from which they crystallized (Fig. 12) . The residual liquids of relatively silica-rich leuconoritic crystal mushes form dioritic-granitic compositions, whereas the residual liquids of the olivine mushes form oxide-, apatite-rich gabbronoritic or monzodioritic compositions. Our isotopic studies in the MMIS show that the anorthosite and leucotroctolite have higher e Nd values, whereas the rocks with higher silica content (i.e. leuconorite) are more isotopically enriched. The occurrence of silica-rich pods in these lithologies may therefore be expected, whereas the relatively silica-poor magmas differentiate to more mafic, less-contaminated, Fe-rich residual liquids as we observe in pods hosted by or associated with olivine-bearing anorthosites (both in the MMIS and Laramie). The isotopic compositions of the pods in the MMIS all cluster at the most enriched end of the leucotroctolitic spectrum given the limits of analytical accuracy and precision, but the MMIS pod hosted by olivine-bearing rocks (CG09-033B) does plot at the more radiogenic end of the spectrum (with one exception). Further support for the thesis of crystallization of the residual liquids from compositionally different magmas is observed in the different [La/Sm] N in the pods hosted by pyroxene-vs olivine-bearing anorthosite. This fundamental difference is corroborated by U (and Th) zircon concentration data for the pod hosted by olivine-bearing anorthosite, which has low U concentration (<100 ppm U on average) relative to the highly U-and Th-enriched pods (up to 2000 ppm U) hosted by leuconorite.
How do these compositional variations arise in the magma? In our model, we propose that during anorthosite petrogenesis certain magma pulses experience higher degrees of crustal contamination or assimilate different material during ascent (and proceed to form leuconorite), whereas other magmas experience less contamination, perhaps because the crustal pathways have been sealed or preconditioned by anatexis of the earlier magma pulses (and proceed to form leucotroctolites; . Proterozoic anorthosite massifs are constructed from multiple pulses of crystalrich magma (Ashwal & Twist, 1994) . The MMIS could also have been constructed from two or more pulses of magma that are manifest in the two geographically and petrologically distinct massifs: the leucotroctolite-dominant Kenemich massif and leuconorite-dominant Etaugalet massif. Earlier pulses of magma could also assimilate a different mix of crustal material, perhaps as a result of preferential assimilation of more felsic crustal components during ascent. Owing to sealing or preconditioning of crustal pathways, later pulses of magma assimilate less material or may have access only to, or preferentially assimilate, more mafic contaminants. Compositional differences in intruding magma mushes, resulting from either enhanced contamination or different types of assimilant, will lead to different liquid lines of descent and, ultimately, to significantly different residual liquids, as we observe in the MMIS and other Proterozoic anorthosite massifs (Fig. 12) .
A range of rock types, from monzodiorite to granite and oxide-apatite-rich monzodiorite, have been observed in the pods found in the MMIS. This variation in mineral assemblages and chemical composition suggests that these pods represent segregations of different residual liquids in isolated pockets that were able to evolve to significantly different compositions. The fundamental differences in chemical composition between the pod found in an olivine-bearing lithology and those in the orthopyroxene-bearing anorthositic rocks suggest that evolving magma compositions, influenced by differing degrees of crustal contamination or types of contaminants, may play an important role in the type of residual liquid observed as well as the general differentiation of the anorthosite.
This relationship, which must be confirmed in massifs other than the MMIS and Laramie, suggests a genetic link between olivine-normative magmas and Fe-enriched, dioritic pods and orthopyroxene-normative magmas and relatively Si-enriched monzodioriticmonzogranitic pods. We propose that olivine-normative magmas, after crystallizing vast amounts of plagioclase and olivine, will tend to produce relatively mafic, oxide-rich pods with Fe-enrichment trends similar to the Fe-rich diorite and oxide-apatite gabbronorite observed as residual liquids in many Proterozoic anorthosites. Quartz-normative magmas, derived from evolving magmas with higher degrees or different types of contamination, will produce relatively felsic residual liquids with Si-enrichment trends effectively creating liquids such as quartz diorite, mangerite and monzonorite-monzodiorite. The wide range in composition of the residual pods in the MMIS shows that extensive, isolated differentiation in variably contaminated magmas can produce a spectrum of compositions in the residual liquid composition of Proterozoic anorthosites and clearly also influence the differentiation and composition of the actual anorthosites.
Our observations lead us to propose that the rock types commonly suggested to represent residual liquids of Proterozoic anorthosite crystallization (monzonorite, monzodiorite, mangerite and oxide-rich gabbronorite) are, in fact, all residual liquids formed from evolving magmas of slightly different compositions owing to differing degrees of contamination and fractionation. We propose that the many similar rock types preserved in other massifs also represent residual liquids of anorthosite crystallization. In other anorthositic massifs these rocks occur as dykes and plutons, and sporadically as pods within anorthosite, but, in the former cases, are likely to represent residual liquids that have been mobilized, and accumulated from similar pod-like structures.
We emphasize that, despite observing pods having essentially granitic compositions, we strongly oppose the proposition that the extensive, coeval granitic suites associated with Proterozoic anorthosite represent the residual liquids of anorthosite crystallization (Frost & Frost, 2013) . Various isotopic and trace element arguments against consanguinity have been presented (Morse, 1982; Ashwal, 1993) and the fact that the isotopic compositions of the silica-rich pods observed in the MMIS are different from that of the contemporaneous hornblende-biotite granites of the MMIS, further supports this claim (Hegner et al., 2010) . The huge volume of associated monzogranitoid rock in typical anorthosite suites would be difficult to produce by accumulating such small segregations of highly differentiated, silica-rich material as we observe in some of the pods in the MMIS. This assertion is supported by the fractional crystallization modelling shown in Fig. 9 that indicates that these huge volumes of silicic rock types would have to form from residual magmas with only 4% remaining liquid. It is highly unlikely that the large batholiths of granitoid material associated with, and commonly larger than, the anorthosites could be sourced from these small but evolved residual liquids. Instead, these vast granitoids are probably crustal melts produced by the heat of ponding magmas and intruding anorthosites.
CONCLUSIONS
The occurrences of pegmatitic monzodioritic to granitic pods or segregations in the Proterozoic Mealy Mountains Intrusive Suite display conspicuous symplectic and myrmekitic textures, evolved mineral assemblages and chemical compositions that indicate that these rocks represent the in situ, undercooled crystallization products of the last remaining liquid in the differentiation of anorthositic magmas. We propose that the nature of the residual liquids of Proterozoic anorthosite magma can vary dramatically depending on geochemical differences in variably contaminated pulses of magma and by mixing of mobilized, independently evolved segregations of residual liquids. This process could explain why so many varied rock types associated with Proterozoic anorthosite have been suggested as residual liquids: these lithologies all represent residual liquids resulting from varying degrees and types of contamination and differentiation, subsequent mobilization, mixing and final solidification as plutons or dykes. Our results also confirm that the well-known olivine-pyroxene dichotomy observed in most Proterozoic anorthosites is probably due to different liquid lines of descent caused by variable contamination, through either degree of assimilation or the nature of the contaminant.
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